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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to shutoff-open- 5 
ing devices comprising a valve main body and a plurality 
of valve actuators and fluid control apparatus compris- 
ing such devices. 

[0002] The terms front, rear, upper, lower, right and 
left are herein used based on FIG. 2; the right-hand side, 10 
the left-hand side, the upper side and lower side of the 
drawing are referred to as front, rear, upper and lower, 
respectively, and the terms right and left are used for the 
device as it is viewed from the behind toward the front. 
The device may be used with the front-rear relationship 1$ 
as reversed, or the upper and lower side thereof posi- 
tioned as the left and right sides. 
[0003] Shutoff-opening devices are already known 
which comprise a rectangular parallelepipedal valve 
main body, and a plurality of valve actuators. Such a de- 20 
vice is disposed at each of the inlet side and the outlet 
side of a massflow controller or like controller to provide 
a fluid control apparatus for use in semiconductor man- 
ufacturing equipment. 

[0004] FIG. 1 7 shows a conventional shutoff-opening 25 
device 61 according to the preamble of claim 1. 
[0005] When a fluid flows from the main channel 67 
into the first subchannel 68, the dead volume (stagnant 
portion of fluid) of the device 61 is only short channels 
71, 72 connecting the main channel 67 to the second 30 
and third actuators 65, 66. When the fluid flows from the 
main channel 67 into the second channel 69, the dead 
volume is the short channel 72 interconnecting the main 
channel 67 and the third valve actuator 66, and front end 
portions 67a, 67b of the main channel 67 positioned be- 35 
tween the first valve actuator 64 and the second valve 
actuator 65. Further when the fluid flows from the main 
channel 67 into the third subchannel 70, the dead vol- 
ume is the short channel 71 interconnecting the main 
channel 67 and the second valve actuator 65, the main *o 
channel front end portions 67a, 67b positioned between 
the first and second valve actuators 64, 65, and an in- 
termediate portion 67c of the main channel 67 posi- 
tioned between the second and third actuators 65, 66. 
[0006] With the shutoff-opening devices and fluid con- «s 
trol devices for use in semiconductor manufacturing 
equipment, it is critical to diminish the dead volume 
which reduces the purity of the process gas. It is also 
required that these devices be reduced in content vol- 
ume, entire volume and weight, whereas the conven- 50 
tional devices still remain to be improved in these points. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide 55 
shutoff-opening devices which are diminished in dead 
volume, volume and weight as compared with conven- 
tional devices and to provide fluid control devices com- 



prising such shutoff-opening devices. 
[0008] The present invention provides a shutoff-open- 
ing device according to claim 1. 
[0009] The forwardly downward inclination of the 
slanting face is preferably 15 degrees to 60 degrees, 
more preferably 20 degrees to 45 degrees. If the incli- 
nation is small, the advantage resulting from this feature 
is small, whereas if the inclination is great, the front-end 
valve actuator becomes forwardly projected beyond the 
front end of the valve main body, increasing the possi- 
bility of the actuator interfering with other members. 
Thus, the inclination should be within the preferred 
range described in view of the size of the valve actuators 
and the size of the fluid control apparatus to be provided 
by such shutoff-opening devices. 
[0010] With the shutoff-opening device of the present 
invention, the upper surface of the valve main body is 
in the form of a slanting face extending forwardly down- 
ward at the portion thereof having the front-end valve 
actuator mounted thereon. This reduces the volume of 
the front upper portion of the valve main body, the front- 
to-rear length of the front portion thereof, and the con- 
tent volume, volume and weight of the shutoff-opening 
device. The main channel includes a front end portion 
positioned between the front-end valve actuator and the 
valve actuator immediately adjacent thereto which por- 
tion accounts for a major portion of the dead volume of 
the shutoff-opening device. This main channel front end 
portion diminishes with the reduction in the length of 
front portion of the valve main body, consequently de- 
creasing the dead volume of the shutoff-opening device. 
[001 1] The shutoff-opening device is provided, for ex- 
ample, at each of the inlet side and the outlet side of a 
massflow controller or like controller to constitute a fluid 
control device for use in semiconductor manufacturing 
equipment. 

[0012] Among the subchannels of each shutoff-open- 
ing device in this case, it is desired to use the subchan- 
nel remotest from the controller for the process gas and 
to use the subchannel adjacent to this subschannel for 
a purge gas. The dead volume during the flow of the 
process gas is then limited to a short channel or short 
channels connecting the main channel to the other valve 
actuator or actuators toward the rear, with the result that 
the gas remaining upon changing over the process gas 
to other gas can be removed within a short period of 
time. 

[0013] A suitable number of fluid control devices of 
the type described are used for providing a fluid control 
apparatus. It is desired in this case that the valve main 
bodies of the shutoff-opening devices be equal in front- 
to-rear length irrespective of the number of valve actu- 
ators. The first valve actuators of the shutoff-opening 
devices are then aligned, rendering the shutoff-opening 
devices easy to operate. 

[0014] Preferably, the subchannel included in the 
subchannels of each shutoff-opening device and com- 
municating with the main channel via the front-end valve 
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actuator has an opening formed in a front end face or 
lower surface of the valve main body, the other subchan- 
nel or subchannels have an opening in the lower surface 
of the valve main body, and piping for the other subchan- 
nel or subchannels is provided under the main body. The 
piping means can then be in a flat arrangement under 
the valve main body, compacting the control apparatus 
in its entirety and assuring the piping portion of facilitat- 
ed maintenance. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

FiG. 1 is a perspective view showing a first embod- 
iment of shutoff-opening device of the invention; 
FIG. 2 is a view in longitudinal section of the same; 
FIG. 3 is a perspective view showing a first embod- 
iment of a fluid control device of the invention; 
FIG. 4 is a view in longitudinal section of the same; 
FIG. 5 is a perspective view showing a second em- 
bodiment of shutoff-opening device of the invention; 
FIG. 6 is a perspective view showing a second em- 
bodiment of fluid control device of the invention; 
FIG. 7 is a view in longitudinal section showing a 
third embodiment of shutoff-opening device of the 
invention; 

FIG. 8 is a view in longitudinal section showing a 
fourth embodiment of shutoff-opening device of the 
invention; 

FIG. 9 is a plan view showing an embodiment com- 
prising a plurality of shutoff-opening devices of the 
invention; 

FIG. 1 0 is a plan view showing another embodiment 
comprising a plurality of shutoff-opening devices of 
the invention; 

FIG. 11 is a perspective view showing a fifth em- 
bodiment of shutoff-opening device of the invention; 
FIG. 1 2 is a view in longitudinal section of the sane; 
FIG. 1 3 is a perspective view showing a fluid control 
device embodying the invention and comprising 
shutoff-opening devices according to the fifth em- 
bodiment; 

FIG. 14 is a view in longitudinal section of the same; 
FIG. 15 is a perspective view showing a sixth em- 
bodiment of shutoff-opening device of the invention; 
FIG. 1 6 is a view in longitudinal section of the same; 
and 

FIG 17 is a view in longitudinal section showing a 
conventional shutoff-opening device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] Embodiments of the invention will be de- 
scribed below with reference to the drawings. 
[0017] FIGS. 1 and 2 show a first embodiment of shut- 
off-opening device 1 of the invention. As shown in FIGS 
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3 and 4, the shutoff-opening device 1 is disposed at the 
inlet side and the outlet side of a massflow controller 2 
to provide a fluid control device 10. 
[0018] With reference to FIGS. 1 and 2, the shutoff- 

5 opening device 1 comprises a generally rectangular par- 
allelepipedal valve main body 3, and first (front-end), 
second (intermediate) and third (rear-end) channel 
opening-closing valve actuators 4, 5, 6. The valve main 
body 3 is internally formed with a main channel 21 ex- 

10 tending straight from the rear end face of the main body 

3 nearly to the location of the front-end valve actuator 4 
longitudinally of the body, and first (front-end), second 
(intermediate) and third (rear-end) subchannels 22, 23, 
24 communicating with the main channel 21 via the 

is valve actuators 4, 5, 6, respectively. The subchannels 
23, 24 communicating with the main channel 21 via the 
respective second and third valve actuators 5, 6 are po- 
sitioned immediately in the rear of respective short 
channels 25, 26 extending from the main channel 21 to 

20 the second and third valve actuators 5, 6, whereas these 
subchannel 23, 24 are shown in broken lines as shifted 
leftward from the actual locations (the same as herein- 
after). 

[0019] The valve main body 3 is integral with a block- 
25 |jke extension 7 extending from a right wall 3c of the por- 
tion thereof having the actuators 4, 5, 6 attached thereto. 
The extension 7 is formed with the second and third 
subchannels 23, 24 and serves as a screw fastening 
portion. 

30 [0020] The upper surface of the valve main body 3 in- 
cludes a mount face 3a in the form of a slanting face 
extending forwardly downward for mounting the front- 
end actuator 4 thereon. The remaining portion of the up- 
per surface, i.e., a mount face 3b for the second and 

35 third actuators 5, 6, is flat and parallel to the lower sur- 
face of the body 1. 

[0021] The valve actuators 4, 5, 6 are attached to the 
mount faces 3a, 3b perpendicular thereto. The valve 
main body 3 has a cavity 1 8 for inserting the first actuator 
40 4, and cavities 19 for inserting the respective second 
and third actuators 5, 6. The cavity 18 has a smaller 
depth than the cavities 1 9. Accordingly, the first actuator 

4 is shorter than the other actuators 5, 6. The valve ac- 
tuators can be of the same length for insertion into cav- 

45 ities of the same depth. The first and third actuators 4, 
6 are of the normally closed type, and the second actu- 
ator 5 of the normally open type. 
[0022] The main channel 21 extends from the rear 
end face of the main body 3 to a location close to the 

so front end face thereof. The first subchannel 22 has an 
opening in the front end face of the body 3. The front 
end face of the main body 3 is provided with a fitting 9 
having a nut for connecting a check valve, pressure reg- 
ulator or the like to the first subchannel 22. The second 

55 and third subchannels 23, 24 extend through the exten- 
sion 7 of the main body 3 and each have an opening in 
the lower surface of the body 3. 
[0023] With reference to FIG. 2, the dead volume of 
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the device 1 is only the short channels 25, 26 connecting 
the main channel 21 to the respective second and third 
valve actuators 5, 6 when a fluid flows from the main 
channel 21 into the first subchannel 22. When the fluid 
flows from the main channel 21 into the second 5 
subchannel 23, the dead volume is the short channel 26 
connecting the main channel 21 to the third actuator 6, 
and front end portions 21a, 21b of the main channel 21 
which are positioned between the first and second ac- 
tuators 4, 5, forming an obtuse angle. When the fluid 10 
flowsfrom the main channel 21 into the third subchannel 
24, the dead volume is the short channel 25 connecting 
the main channel 21 to the second actuator 5, the main 
channel front end portions 21a, 21b positioned between 
the first and second actuators 4, 5, and an intermediate 15 
porion 21c of the main channel 21 positioned between 
the second and third actuators 5, 6. 
[0024] With the shutoff-opening device 1 described, 
the first actuator mount face 3a included in the upper 
surface of the valve main body 3 is made equal in area 20 
to the first actuator mount face 63a of the conventional 
shutoff-opening device 61 shown in FIG. 17. According- 
ly, the volume of the front upper portion of the valve main 
body 3 and the front-to-rear length of the front portion 
of the body are made smaller than in the conventional 25 
shutoff-opening device 61 by an amount attributable to 
the formation of the forwardly downward slanting face 
serving as the mount face 3a, consequently diminishing 
the content volume, overall volume and weight of the 
shutoff-opening device 1 . Suppose the length of the first 30 
valve actuator mount face 63a of the conventional shut- 
off-opening device 61 is L, and the inclination of the 
slanting face is 0. The shutoff-opening device 1 is re- 
duced by L(1-cos 9) in front-to-rear length, and by L 2 x 
cos 9 x sin 9 + 2 in vertical section. With respect to the 35 
dead volume, the combined volume of the obtuse angle 
forming front end portions21a, 21bof the main channel 
21 is made smaller than the combined volume of the 
front end portions 67a, 67b of the main channel 67 of 
the conventional shutoff-opening device 61 owing to the *o 
reduction in the length of the valve main body 3, where- 
by the dead volume of the entire shutoff-opening device 

1 is also diminished. As the inclination increases, the 
front end portion 21 a extending straight from the portion 
21c of the main channel 21 diminishes with an increase 45 
in the length of the bent front end portion 21b. However, 

the diminution of the overall dead volume increases with 
an increase in the inclination. 

[0025] FIGS. 3 and 4 show a fluid control device, 
which comprises a massflow controller 2, and the shut- so 
off-opening device 1 installed at each of the inlet side 
(left side in FIG. 4) and the outlet side (right side in FIG. 
4). The shutoff-opening device 1 shown in FIGS. 1 and 

2 is mounted on the inlet side with their front and rear 
ends reversed. 55 
[0026] With the shutoff-opening device 1 at the inlet 
side, the first subchannel 22 remotest from the massflow 
controller 2 is used for the inflow of process gas, the 
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second subchannel 23 adjacent to the subchannel 22 
for the inflow of purge gas, and the third subchannel 24 
closest to the controller 2 for evacuation. With the shut- 
off-opening device 1 at the outlet side, the first subchan- 
nel 22 remotest from the controller 2 is to communicate 
with a process chamber, and the second subchannel 23 
with an exhaust gas duct to serve as a purge port. 
[0027] An upper channel block 11 having a channel 
11a opened at its lower surface is provided in a project- 
ing manner at the lower end of each of the inlet and out- 
let sides of the massflow controller 2. A lower channel 
block 12 is disposed beneath the block 11. The lower 
and upper channel blocks 12, 11 are fastened together 
by two controller installing screws 13 screwed into the 
upper block 1 1 from above. The lower block 1 2 is formed 
with a channel 12a for holding the channel 11a of the 
upper block 11 in communication with the main channel 
21 of the valve main body 3. The lower block 12 is fas- 
tened to the valve main body 3 with device installing 
screws 14 driven in through the lower block 12. Piping 
channel blocks 15, 16 for the respective second and 
third subchannels 23, 24 are fastened to the extension 
7 with piping installing screws 17 driven in through the 
extension 7 from above. The third subchannel 24 of the 
inlet-side shutoff-opening device 1 and the third 
subchannel 24 of the outlet-side shutoff-opening device 
1 are connected to a vacuum pump (not shown) after 
their piping channel blocks 15, 15 are interconnected by 
a pipe 27. A fitting 28 is attached to the lower side of the 
block 16 for the second subchannel 23. The fitting 28 
has a pipe joint portion which is positioned at a lower 
level than the evacuation pipe 27. The purge gas piping 
is therefore unlikely to interfere with the evacuation pipe 
27. When the fluid control device 10 is to be installed, 
the massflow controller 2 and the shutoff-opening de- 
vices 1 are mounted on the upper surface of a base plate 
29 with the piping channel blocks 15, 16 positioned be- 
neath the lower surface of the base plate 29 as shown 
in FIG. 4. 

[0028] If the massflow controller 2 of the fluid control 
device 1 0 malfunctions, the controller 2 is removable up- 
ward for replacement by removing the controller install- 
ing screws 13. Further if the shutoff-opening device 1 
fails, the device 1 can be removed upward for replace- 
ment by removing the device installing screws 14 and 
the piping installing screws 17. 
[0029] When the process gas flows through-the fluid 
control device described, the dead volume is limited only 
to the short channels 25, 26 connecting each main chan- 
nel 21 to the corresponding second and third valve ac- 
tuators 5, 6. 

[0030] FIG. 5 shows a second embodiment of shutoff- 
opening device 31 of the invention. The shutoff-opening 
device 31 is provided at each of the inlet side and outlet 
side of a massflow controller 2 to constitute a fluid con- 
trol device 40 as seen in FIG. 6. This shutoff-opening 
device 31 is different from the shutoff-opening device 1 
of the first embodiment in that a first subchannel 32 has 
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an opening in the lower surface of a valve main body 
33. Throughout the drawings showing the first and sec- 
ond embodiments, like parts are designated by like ref- 
erence numerals and symbols and will not be described 
repeatedly hereinafter. With reference to FIG. 5, the fit- 5 
ting 9 at the front end of the valve main body 3 shown 
in FIG. 1 is removed, and the main body 33 has a block- 
like extension 34, which is formed with the first subchan- 
nel 32 which has an opening in the lower surface of the 
valve main body, in addition to the second and third 10 
subchannels 23, 24. As seen in FIG. 6, the extension 

34 has connected thereto a piping channel block 35 
communicating with the first subchannel 32, in addition 
to the piping channel blocks 15, 16 in communication 
with the respective second and third subchannels 23, 15 
24. A fitting 36 provided under this piping channel block 

35 has a pipe joint, which is positioned at a level inter- 
mediate between the evacuation pipe 27 and the fitting 
28 communicating with the second subchannel 23. Ac- 
cordingly, the process gas piping is unlikely to interfere 20 
with the purge gas piping or the evacuation pipe 27. 
[0031] Although the shutoff-opening devices 1 shown 

in FIGS. 1, 2 and 5 have three valve actuators 4, 5, 6, 
two actuators are used when there is no need for the 
evacuation subchannel 24. In this case, the third valve 25 
actuator 6 is of course eliminated with the front-to-rear 
length of the valve main body shortened, whereas FIG. 
7 shows a valve main body 43 which has the same 
length as the foregoing embodiments but which is 
formed with neither of the cavity 1 9 for inserting the third 30 
actuator 6 and the evacuation subchannel 24. 
[0032] FIG. 7 shows a shutoff-opening device 41, 
which comprises a generally rectangular parallelepi- 
pedal valve main body 43, and first (front-end) and sec- 
ond valve actuators 4, 5 mounted on the upper surface 35 
of the main body 43 and arranged side by side longitu- 
dinally thereof (front-rear direction). The main body 43 
is internally formed with a main channel 21 extending 
from the rear end face of the body 43 to a location near 
the front end thereof, and first (front-end) and second 40 
subchannels 22, 23 adapted to communicate with the 
main channel 21 under the control of the respective ac- 
tuators 4, 5. The upper surface of the valve main body 
43 includes a mount face 43a in the form of a slanting 
face extending forwardly downward and having the 
frontside first actuator 4 mounted thereon. The other 
portion of the surface, i.e., mount face 43b, is flat and 
parallel to the lower surface of the body 43. The flat face 
43b has such an area that two valve actuators can be 
mounted thereon. The front half of the flat face 43b has 50 
the second actuator 5 mounted thereon. 
[0033] A pressure sensor can be mounted on the por- 
tion of the shutoff-opening device shown in FIG. 7 at the 
portion from which the third actuator 6 is removed as 
shown in FIG. 8. With reference to FIG. 8, a shutoff- 55 
opening device 51 thus adapted comprises a generally 
rectangular parallelepipedal valve main body 53, and 
first (front-end) and second valve actuators 4, 5 mount- 



ed on the upper surface of the main body 53 and ar- 
ranged side by side longitudinally thereof (front-rear di- 
rection). The main body 53 is internally formed with a 
main channel 21 extending from the rear end face of the 
body 53 to a location near the front end thereof, and first 
(front-end) and second subchannels 22, 23 adapted to 
communicate with the main channel 21 under the con- 
trol of the respective actuators 4, 5. The upper surface 
of the valve main body 53 includes a mount face 53a in 
the form of a slanting face extending forwardly down- 
ward and having the front-end first actuator 4 mounted 
thereon. The other portion of the surface, i.e., mount 
face 53b, is flat and parallel to the lower surface of the 
body 53. The flat face 53b has such an area that two 
valve actuators can be mounted thereon. The front half 
of the flat face 53b has the second actuator 5 mounted 
thereon. The rear half portion is formed with a threaded 
bore 54 for mounting a pressure sensor. The valve main 
body 53 is provided at its front end with a fitting 55 which 
is externally threaded. 

[0034] The fluid control devices 10,40 shown in FIGS. 
3, 4 and 6 are used in a suitable combination to provide 
a fluid control apparatus for use in fabricating semicon- 
ductors. FIG. 9 shows an example of such fluid control 
apparatus, With reference to the drawing, the fluid con- 
trol device 40 including shutoff-opening devices 31 each 
having two valve actuators 4, 5 is disposed in parallel to 
the fluid control device 10 including shutoff-opening de- 
vices 1 each having three valve actuators 4, 5, 6 without 
no spacing formed between the two devices 40. 10. Al- 
though not shown, another similar fluid control device 
can be disposed in parallel to these devices 1 0, 40 with- 
out being spaced apart therefrom. 
[0035] Thus fluid control apparatus can be provided 
wherein these fluid control devices 1 0, 40 are in a planar 
or flat arrangement, with the first actuators 4 of the shut- 
off-opening devices 1..31, as well as the second actua- 
tors 5 thereof, arranged in alignment with one another. 
Further the piping means 15, 16, 27, 28 for the second 
and third subchannels 23, 24 are provided under a base 
plate 29 (rear side of the drawing) without increasing the 
width of the overall control apparatus. These piping por- 
tions 15, 16, 27, 28 are easy to maintain and appear 
neat. 

[0036] According to the arrangement shown in FIG. 
9, the same shutoff-opening devices 1 or 31 are dis- 
posed at the inlet side and the outlet side of each mass- 
flow controller 2, and the extensions 7, 8 of the valve 
main bodies 3, 33 are provided at left on the inlet side 
and at right on the outlet side. On the other hand, FIG. 
10 shows a fluid control apparatus wherein extensions 
46, 47 of valve bodies 44, 45 at the inlet side and the 
extensions 7. 8 of the valve bodies 1. 31 at the outlet 
side are similarly arranged at right. These inlet-side 
valve main bodies 44, 45 are available, for example, 
merely by changing the position of the extension 7 on 
the right side as shown in FIG. 1 to the left side and 
causing the main channel 21 to communicate with the 
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channels in the interior of the extension 7. With this ar- 
rangement, the second and third subchannels 23, 24 
are ail made to communicate with openings in the un- 
derside, while the openings are all positioned at the right 
side of the valve main bodies, consequently assuring 5 
facilitated piping work. 

[0037] When the shutoff-opening devices 1, 31, 41, 
51 according to the first to fourth embodiments are to 
be used, lower channel blocks 1 2 are necessary for con- 
necting the massfiow controller 2 to the shutoff-opening 10 
devices 1, 31, 51 as shown in FIG. 3 or 6. The lower 
channel block 12 is fastened to the valve main body 3 
with the device installing screws 14 driven in through the 
Lower block 12 horizontally. In removing the shutoff- 
opening device 1, 31, 41 or 51, these screws 14 and 15 
piping installing screws 17 need to be removed, where- 
as the removal of the device installing screws 14 re- 
quires a very cumbersome procedure in the case where 
many control devices 10, 40, or 20, 50 have been as- 
sembled as arranged in parallel into a fluid control ap- 20 
paratus (see FIG. 9 or 10), 

[0038] Two embodiments will be described below 
which ensure facilitated removal of the shutoff-opening 
devices. 

[0039] FIGS. 11 and 12 show a fifth embodiment of 25 
shutoff-opening device of the invention. This shutoff- 
opening device 101 has the same construction as the 
shutoff-opening device 31 of the second embodiment 
shown in FIG. 5 except that a main channel 121 has no 
opening in a rear end face 103c but communicates with 30 
an opening formed in the lower surface of a valve main 
body 103 by way of a downward channel 122 provided 
in the body 103. 

[0040] Throughout the drawings showing the first, 
second and the following embodiments, like parts are 35 
designated by like reference numerals or symbols and 
will not be described repeatedly. 
[0041] With reference to FIGS. 11 and 12, the valve 
main body 103 is internally formed with the above-men- 
tioned main channel 121 which extends from a portion <o 
close to the rear end of the body 103 nearly to the front 
end thereof, and first (front-end), second (intermediate) 
and third (rear-end) subchannels 32, 23, 24 communi- 
cating with the main channel 121 via respective valve 
actuators 4, 5, 6. The main channel 121 has the down- 45 
ward channel 122, which extends straight from the rear 
end of the channel 121 downward and has an opening 
in the lower surface rear end portion of the body 103. 
The subchannels 32, 23, 24 extend through a blocklike 
extension 34 of the valve main body 103 and are open 50 
at the lower surface of the body 1 03. The upper surface 
of the valve main body 103 includes a mount face 103a 
which is in the form of a slanting face extending forward- 
ly downward and having the front-end first valve actua- 
tor 4. The other portion of the surface is a mount face 55 
103b for the other two second and third valve actuators 
5,6. 

[0042] With reference to FIG. 12, the dead volume of 
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the shutoff-opening device 101 is only the short chan- 
nels 25, 26 connecting the main channel 121 to the re- 
spective second and third valve actuators 5, 6 when a 
fluid flows from the main channel 121 into the first 
subchannel 32. When the fluid flows from the main 
channel 121 into the second subchannel 23, the dead 
volume is the short channel 26 connecting the main 
channel 121 to the third actuator 6, and front end por- 
tions 121a, 121b of the main channel 121 which are po- 
sitioned between the first and second actuators 4, 5, 
forming an obtuse angle. When the fluid flows from the 
main channel 121 into the third subchannel 24, the dead 
volume is the short channel 25 connecting the main 
channel 121 to the second actuator 5, the main channel 
front end portions 121a, 121b positioned between the 
first and second actuators 4, 5, and an intermediate por- 
tion 121c of the main channel 121 positioned between 
the second and third actuators 5, 6. 
[0043] FIGS. 13 and 14 show a fluid control device 
140 comprises two shutoff-opening devices 101. The 
device 140 shown in FIG. 13 is characterized in that un- 
like the fluid control device 10 shown in FIG. 3, the de- 
vice 140 has no lower channel blocks 12 and therefore 
none of the device installing screws 14 horizontally driv- 
en through the blocks 12. Each channel block 11 joined 
to a massfiow controller 2 has a channel 11a, which has 
a lower opening and is held in communication with the 
downward channel 122 by a pipe fitting 123 below the 
valve main body 103. 

[0044] In this way, the space under the valve main 
body 103 is used for piping not only for the first, second 
and third subchannels 32, 23, 24 but also for the main 
channel 121, whereby the devices, such as the mass- 
flow controller 2 and shutoff-opening devices 101 , which 
are mounted on the upper side of a base plate 29 are 
completely separated from the piping means, such as 
channel blocks 15, 16, 35, fittings 28, 36 and pipe 27, 
which are-arranged under the plate 29. If the massfiow 
controller 2 of the fluid control device 140 malfunctions, 
the controller 2 is removable upward for replacement by 
removing the controller installing screws 13. Further if 
the shutoff-opening device 101 fails, the device 101 can 
be removed upward for replacement by removing the 
piping installing screws 17 and the piping installing 
screws 17. The piping portion can then be in a flat ar- 
rangement under the valve main body, compacting the 
control apparatus in its entirety and assuring the com- 
ponent devices and the piping means of greatly facilitat- 
ed maintenance. 

[0045] FIGS. 15 and 16 show a sixth embodiment of 
shutoff-opening device of the invention. This shutoff- 
opening device 1 31 is similar to the shutoff-opening de- 
vice 101 of fifth embodiment shown in FIGS. 11 and 12 
in that the main channel 121 has no opening in a rear 
end face 133c but communicates with an opening 
formed in the lower surface of a valve main body 1 33 
via a downward channel 132 formed in the body 133. 
The shutoff-opening device 1 31 differs from the device 
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101 in that the downward channel 132 extends from an 
intermediate portion of the main channel 121 (between 
the second and third actuators 5, 6) to the opening in 
the lower surface of the valve main body 133 through a 
blocklike extension 34 of the body 133. The shutoff- 5 
opening device 131 provides a fluid control device, 
which has the same feature as the fluid control device 
140 shown in FIGS. 13 and 14. 
[0046] Incidentally, shutoff-opening devices 1,31,41, 
51, 101, 131 may of course be attached to devices other 10 
than the massflow controller 2, and are of course usable 
for passing liquids instead of gases. 

Claims 75 

1. A shutoff-opening device comprising a generally 
rectangular parallelepipedal valve main body (3, 33, 
43,53, 103, 133) having substantially parallel upper 
and lower surfaces joined at their opposite ends by 20 
front and rear end surfaces; 

said valve main body (3, 33, 43, 53, 1 03, 1 33) being 
internally formed with a main channel (21,121) hav- 
ing an inlet opening disposed on said rear end sur- 
face of said valve main body (3, 33, 43, 53, 103, 25 
1 33) or rear end portion of the lower surface of said 
valve main body (3, 33, 43, 53, 103, 133) and ex- 
tending essentially along a straight line from said 
rear end toward said front end of the main body (3, 
33,43, 53, 103, 133); 30 
a plurality of a channel on-off actuators (5, 6) mount- 
ed on the upper surface of the valve main body (3, 
33, 43, 53, 103, 133) in a side-by-side relation lon- 
gitudinally of said upper surface with the central axis 
of said actuators (5, 6) being perpendicular to said 35 
upper face, the actuators (4, 5, 6) being actuable to 
selectively open and close communication between 
a subchannel (22, 23, 24) and an associated short 
channel (25, 26) extending from the seat of each 
actuator (5, 6) in axial alignment with the central ax- *o 
is thereof into communication with said main chan- 
nel (21 , 121 ) and co-operating with said main chan- 
nel (21, 121) to form a dead volume when said ac- 
tuators (4, 5, 6) are in a closed condition, 
characterized in that 45 
the upper surface of said valve main body (3, 33, 
43, 53, 103, 133) at the front end thereof includes 
aslantingface(3a,43a, 53a, 103a, 133a) extending 
forwardly downward and has the front-end valve ac- 
tuator (4) mounted thereon, wherein the associated 50 
short channel extends from the front-end valve ac- 
tuator (4) in axial alignment therewith to the main 
channel (21, 121). 

2. A fluid control device characterized in that it com- 55 
prises a shutoff-opening device (1,31) according to 
claim 1, which is disposed at each of an inlet side 
and an outlet side of a controller (2) for regulating 
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the pressure of flow rate of fluids. 

3. A fluid control apparatus characterized in that it 

comprises fluid control devices as defined in claim 
2, which are arranged side-by-side, the valve main 
bodies (3, 33) of the shutoff-opening devices (1,31) 
being equal in front-to-rear length irrespective of the 
number of valve actuators (4, 5, 6) mounted on the 
respective upper surfaces thereof. 

4. A fluid control apparatus as defined in claim 3, char- 
acterized in that the subchannel (22) of each shut- 
off-opening device communicating with the respec- 
tive main channel (21, 121) via the front-valve ac- 
tuator (4) as an opening formed in the front-end face 
of the valve main body (3) and the other sub channel 
or subchannels (23, 24) have an opening in the low- 
er surface of the valve main body (3), pipings (15, 
16, 27, 28) for said other subchannel or subchan- 
nels (23, 24) being provided below the main body 
(3). 

5. A fluid control apparatus as defined in claim 4, char- 
acterized in that all subchannels (22, 23, 24) of 
each shutoff-opening device has an opening 
formed in the lower surface of the valve main body 
(3), piping for each sub channel being provided be- 
low the main body (3). 



Patentanspruche 

1 . Eine Absperr-Offnungs-Vorrichtung mit einem Ven- 
tilhauptkorper (3, 33, 43, 53, 103, 133), der eine 
rechteckige parallelepipedale Grundform mit im 
wesentlichen parallelen Ober- und Unterseiten, 
welche an ihren gegenuberliegenden Enden durch 
vordere und hintere Endflachen verbunden sind, 
aufweist; 

wobei der Ventilhauptkorper (3, 33, 43, 53, 103, 
133) intern mit einem Hauptkanal (21, 121) verse- 
hen ist, der eine Einlaftoffnung besitzt, welche an 
der hinteren Endflache des Ventilhauptkorpers (3, 
33, 43, 53, 1 03, 1 33) oder an dem hinteren Endbe- 
reich der Unterseite des Ventilhauptkorpers (3, 33, 
43, 53, 103, 133) angeordnet ist und der sich ent- 
lang einer geraden Linie von dem hinteren Ende in 
Richtung des vorderen Endes des Hauptkorpers (3, 
33, 43, 53, 103, 133) erstreckt; 
und mit einer Vielzahl von Ein-Aus-Stellgliedern (5, 
6), die an der Oberseite des Ventilhauptkorpers (3, 
33, 43, 53, 103, 133) Seite an Seite in der Langs- 
richtung der Oberseite angeordnet sind, wobei die 
zentrale Achse der Stellglieder (5, 6) senkrecht zu 
der Oberseite steht und die Stellglieder (4, 5, 6) be- 
tatigbar sind, urn wahlweise eine Verbindung zwi- 
schen einem Nebenkanal (22, 23, 24) und einem 
zugeordneten kurzen Kanal (25, 26), der sich von 
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dem Sitz eines jeden Stellglieds (5 t 6) in axialer 
Ausrichtung zu der zentralen Achse von diesem in 
Verbindung mit dem Hauptkanal (21,121) erstreckt, 
und mit dem Hauptkanal (21, 121)zusamrnenarbei- 
tet, urn ein Totvolumen zu bilden, wenn die Stellglie- 5 
der (4, 5, 6) sich in einem geschlossen Zustand be- 
finden, herzustellen oder zu unterbrechen, 
dadurch kennzeichnet, daft 
die Oberseitedes Ventilhauptkorpers (3, 33, 43, 53, 
103, 133) an ihrem vorderem Ende eine geneigte 10 
Flaxhe (3A, 43A, 53A, 103A, 133A) aufweist, in wel- 
che sich nach vorne unten erstreckt und an dem er- 
sten Ventilstellglied (4) fur das vordere Ende mon- 
tiert ist, wobei sich der zugeordnete kurze Kanal 
von dem Ventilstellglied (4) fur das vordere Ende in is 
axialer Ausrichtung zu diesem zu dem Hauptkanal 
(21, 121) erstreckt. 

2. Eine Fluidsteuerungsvorrichtung, dadurch ge- 
kennzeichnet, dad sieeine Absperr-Offnungs-Vor- 20 
richtung (1, 31) nach Anspruch 1 aufweist, die je- 
weils an einer Einlafiseite und einer Ausla&seite ei- 
nes Reglers (2) zur Regulierung des Drucks oder 
der Durchflussgeschwindigkeit eines Fluids ange- 
ordnet ist. 25 

3. Ein Fluidsteuerungsgerat, dadurch gekennzeich- 
net, daft es Fluidsteuerungsvorrichtungen wie in 
Anspruch 2 definiert aufweist, die Seite an Seite an- 
geordnet sind, wobei die Ventilhauptkorper (3, 33) 20 
der Absperr-Offnungs-Vorrichtungen (1, 31) unab- 
hangig von der Anzahl von Ventilstellgliedem (4, 5, 

6), die an den entsprechenden Oberseiten davon 
angeordnet sind, eine gleiche lange von vorne 
nach hinten besitzen. 35 

4. Ein Fluidsteuerungsgerat wie in Anspruch 3 defi- 
niert, dadurch gekennzeichnet, daft der Neben- 
kanal (22) von jeder Absperr-Offnungs-Vorrichtung, 

der mit dem entsprechenden Hauptkanal (21, 121) 40 
uber das frontseitige Ventilstellglied (4) in Verbin- 
dung steht, eine Offnung besitzt, die in der frontsei- 
tigen Endflache des Ventilhauptkorpers (3) ausge- 
bildet ist, und der andere Nebenkanal bzw. die an- 
deren Nebenkanale (23, 24) eine Offnung in der Un- 45 
terseite des Ventilhauptkorpers (3) aufweisen, wo- 
bei Rohrleitungen (15, 16, 27, 28) fur den anderen 
Nebenkanal bzw. die anderen Nebenkanale (23, 
24) unterhalb des Hauptkorpers (3) vorgesehen 
sind. 50 

5. Ein Fluidsteuerungsgerat wie in Anspruch 4 defi- 
niert, dadurch gekennzeichnet, daft alle Neben- 
kanale (22, 23, 24) von jeder Absperr-Offnungs- 
Vorrichtung eine Offnung haben, die an der Unter- 55 
seite des Ventilhauptkorpers (3) ausgebildet ist, wo- 
bei Rohrleitungen fur jeden Nebenkanal unterhalb 
des Hauptkorpers (3) vorgesehen sind. 



Revendlcatlons 

1. Un dispositif de fermeture / ouverture comprenant 
un corps principal de valve (3, 33, 43, 53, 103, 1 33) 
de la forme d'un rectangle generalement parallele- 
pipede ayant des surfaces superieures et inferieu- 
res essentiellement paralleles jointes a leurs extre- 
mites opposees par des surfaces avant et arriere ; 
ledit corps principal de valve (3, 33, 43, 53, 103, 
133) etant formes a I'interieur d'un canal principal 
(21,121) ayant une ouverture d'entree disposee sur 
ladite surface arriere et dudit corps principal de val- 
ve (3, 33, 43, 53, 1 03, 1 33) ou sur une partie termi- 
nal arriere de la surface inferieure dudit corps prin- 
cipal de valve (3, 33,43, 53, 103, 133) et s'etendant 
essentiellement le long d'une ligne droite a partir de 
ladite extremite arriere vers ladite extremite avant 
du corps principal de valve (3, 33, 43, 53, 1 03, 1 33) ; 
une multitude d'actuateurs (5, 6) on / off de canal 
montes sur la surface superieure du corps principal 
de valve (3, 33, 43, 53, 1 03, 1 33) dans une relation 
cote a cote de mantere longitudinale de ladite sur- 
face superieure avec I'axe central desdits actua- 
teurs (5, 6) etant perpendiculaires par rapport a la- 
dite surface superieure, les actuateurs (4, 5, 6) 
etant actionnes pour ouvrir et fermer de maniere se- 
lective la communication entre un sous-canal (22. 
23, 24) et un canal court associe (25, 26) s'etendant 
a partir de I'endroit de chaque actuateur (5, 6) dans 
un alignement axial avec I'axe central pour commu- 
niquer avec ledit canal principal (21 , 1 21 ) et coope- 
rant avec led it canal pri ncipal (21,121) pour former 
un volume mort lorsque lesdits actuateurs (4, 5, 6) 
sont fermes, caracterise en ce que, la surface su- 
perieure dudit corps principal de valve (3, 33, 43, 
53, 103, 133) sur I'extremite avant / frontale com- 
prend une face inclinee(3a, 43a, 53a, 103a, 133a) 
s'etendant vers I'avant en descendant et I'actuateur 
(4) de valve avant-arriere etant monte sur ladite 
face ; ou le canal court associe s'etend a partir de 
I'actuateur (4) de valve avant-arriere dans un ali- 
gnement axial par rapport au canal principal (21, 
121). 

2. Un dispositif de controle de fluide caracterise en 
ce qu'il comprend un dispositif de fermeture / 
ouverture (1, 31) selon la revendication 1 qui est 
dispose sur chacune des formes d'entree et de sor- 
tie d'un controleur (2) pour reguler.la pression du 
debit fluides. 

3. Un appareil de controle de flu ide caracterise en ce 
qu'il comprend des dispositifs de controle de fluide 
comme defini dans la revendication 2 qui sont dis- 
poses cote a cote, les corps principaux de valve (3, 
33) des dispositifs de fermeture / ouverture (1, 31) 
etant egaux dans leur longueur avant vers arriere 
peu importe !e nombre d'actuateurs de valve (4, 5, 
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6) months sur les surfaces superieures respectives. 

Un appareil de controle de fluide comme defini dans 
la revendication 3, caracterjse en ce que le sous- 
canal (22) de chaque dispositif de fermeture / 5 
ouverture communiquant avec !e canal principal 
respectif (21,121) par I'intermediaire de I'actuateur 
(4) de valve avant a une ouverture formee dans la 
face avant-arriere du corps principal de valve (3) et 
en ce que I'autre canal ou sous-canaux (21 , 24) ont 10 
une ouverture dans la surface inferieure du corps 
principal de valve (3) ; des tuyaux (15, 16, 27, 28) 
destines pour ledit autre sous-canal ou sous-ca- 
naux (23, 24) etant pourvus sous le corps principal 
(3). is 

Un appareil de controle de fluide comme defini dans 
la revendication 4 t caracterlse en ce que tous les 
sous-canaux (22, 23, 24) de chaque dispositif de 
fermeture / ouverture ont une ouverture formee 20 
dans la surface inferieure du corps principal de val- 
ve (3), la tuyauterie destinee pour chacun des sous- 
canaux etant fournie sous le corps principal (3). 
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